Multipoint linkage analysis in complex diseases requires the use of fast algorithms that can handle many markers and a large number of moderately sized pedigrees with unknown mode of inheritance. This need has led to the development of several competitive software programs. We recently completed a genomic screen of neural tube defects using GENEHUNTER-PLUS and the more recent ALLEGRO. The ALLEGRO software was found to offer expanded power for linkage studies, particularly for childhood onset diseases like neural tube defects, though the results must be treated with caution.
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M ultipoint linkage analysis in complex diseases necessitates the use of fast algorithms that can handle many markers and a large number of moderately sized pedigrees with unknown mode of inheritance. This need has spawned the development of several competitive software programs that employ the same allele sharing method based on the Lander-Green algorithm, 1 2 but differ in the computational approaches used. The most recent programs, ALLEGRO 3 and MERLIN, 4 improve on the speed of the original GENEHUNTER and GENEHUNTER-PLUS (GH+) programs and allow for larger sized pedigrees.
METHODS
We recently completed a genomic screen of neural tube defects (NTDs) 5 where our analyses were performed using ALLEGRO and GH+. We found some variation in the overall results from the two analytic packages, which led to an investigation of the pedigree specific results. Of interest to us was our finding that ALLEGRO not only calculates identity by descent sharing between genotyped affected individuals but also calculates a full likelihood using affected individuals who were not genotyped, even those without genotyped descendants available for inferring missing linkage phase. In our analysis of the NTD dataset, this meant that pedigrees having only one genotyped affected individual were informative when we used ALLEGRO, but this was not the case with GH+.
To illustrate this better, we present a simple example using pedigree structure from our dataset. Figure 1 shows two pedigrees, each containing affected individuals who were not genotyped. There are two affected individuals in family 8007; individual 12 is an affected distant cousin who was not genotyped. Family 8776 has four affected individuals and individual 102 was not genotyped; for the purpose of our illustration, only a subset of individuals from this family is shown. We calculated affecteds-only multipoint parametric LOD scores for chromosome 7 markers from our screen (9 cM sex-average genetic map) using GH+ and ALLEGRO for comparison (table 1) . We compare non-parametric results from GH+ version 1.2, ALLEGRO version 1.2c, and MERLIN version 0.10.2. We report parametric LOD scores under a dominant genetic model, and non-parametric LOD scores based on a linear model and using the s Pairs statistic. For simplicity, we examine LOD scores at marker d7s2201 (3.1 cM).
RESULTS
ALLEGRO and GH+ give discrepant parametric linkage results for pedigree 8007 (GH+ 0.0, ALLEGRO 0.79) and pedigree 8776 (GH+ 1.75, ALLEGRO 2.01). However, the nonparametric LOD scores are closer for family 8776 (GH+ 0.72, ALLEGRO 0.75, MERLIN 0.75). For family 8007, only ALLEGRO (LOD 0.88) and MERLIN (LOD 0.88) appear to use the full linkage information to calculate non-parametric LODs. Changing the affection status of individual 102 in family 8776 from affected to unknown, results in the exclusion of that person from the analysis and produces a parametric LOD score from ALLEGRO of 1.77 at 3.1 cM, a value that is closer to the score calculated by GH+ (1.75). In all our calculations, pedigree size is not a factor since the number of bits calculated for each pedigree is below the maximum number (n = 17) allowed by GH+, ALLEGRO, and MERLIN. Hence, no ''trimming'' of less informative individuals in these pedigrees was performed.
The parametric LOD scores showed the largest difference between the programs. Hence, we also performed parametric linkage analysis using VITESSE version 1.0, 6 which implements the Elston-Stewart algorithm; 7 we used marker map d7s3056_ 3.1cM_d7s2201_6.4cM_d7s641. As expected, the results from VITESSE (LOD 0.79) are the same as from ALLEGRO (LOD 0.79) for family 8007 and for family 8776 (ALLEGRO 2.01, VITESSE 2.01).
DISCUSSION
The ALLEGRO software offers expanded power for linkage studies, particularly for childhood onset diseases like neural tube defects, in which many affected individuals die soon after birth or in early childhood and are unsampled. However, the results must then be interpreted with caution. In such pedigrees, we cannot confirm that the affected unsampled child did inherit a disease associated haplotype present in a sampled affected individual; instead, we can only confirm that the disease associated haplotype is or is not present in the unsampled affected individual's parent and could (or could not) have been transmitted. Misspecification of the unsampled individual's genotype could in this way result in a reduction of power to detect linkage. However, for rare diseases such as NTD, this is unlikely to be the case. MERLIN appears to handle ungenotyped individuals in the calculation of non-parametric LOD scores under the linear model in a similar manner to ALLEGRO. Additionally, MERLIN can now be used to calculate parametric LOD scores and these results are similar to the LOD scores from ALLEGRO.
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